Introduction {#sec1-1}
============

Chronic kidney disease (CKD) is associated with significant morbidity and mortality due to accelerated atherosclerosis and increased risk of coronary artery disease (CAD).\[[@ref1]\] CKD patients suffer from a secondary form of complex dyslipidemia.\[[@ref2]\] Few case-control studies have also reported high levels of lipoprotein(a) (Lp\[a\]), an atherogenic lipoprotein in patients with CKD.\[[@ref3]\]

Epidemiological, case-control, and prospective studies in western populations as well as Indians have reported Lp(a) to be an important risk-factor for CAD.\[[@ref4]--[@ref7]\] Lp(a) is a modified low-density lipoprotein (LDL) having a highly glycosylated apolipoprotein(a) (apo\[a\]).\[[@ref8]\] Apo(a) shows a high degree of genetic polymorphism, resulting from a variable number of kringle-IV type 2 (K-IV type 2) repeats. At least thirty-four different apo(a) isoforms have been identified which can be grouped into low (LMW) and high molecular weight (HMW) isoforms according to the number of K-IV repeats in the apo(a) molecule.\[[@ref9]\]

Adult Lp(a) levels are attained in early childhood and remain constant in healthy individuals throughout life, and are usually not affected by diet, age, and other environmental factors.\[[@ref10]\] However, CKD is an important non-genetic, secondary cause of increase in plasma Lp(a) levels,\[[@ref3]\] which start rising in early stages and become more pronounced in later stages.\[[@ref11]--[@ref13]\] There are no suitable interventions or therapies available to decrease plasma Lp(a) levels; however, we have shown a variable decrease in plasma Lp(a) after starting maintenance hemodialysis (MHD).\[[@ref12]\]

The reasons for variable increase in Lp(a) levels in kidney disease and decline in response to hemodialysis are not clear. Dieplinger *et al*.\[[@ref14]\] have reported apo(a) phenotype-dependent alterations in Lp(a) levels in patients with renal disease, showing that patients with HMW apo(a) isoforms have elevated Lp(a) levels as compared to apo(a) phenotype-matched controls. Kronenberg *et al*.,\[[@ref15]\] have also shown higher Lp(a) levels in CKD which negatively correlated with glomerular filtration rate (GFR) only in patients with HMW apo(a) isoforms. Parsons *et al*.,\[[@ref16]\] have also reported higher median Lp(a) levels in patients with CKD having HMW apo(a) isoforms; however, in their study, a significant proportion of CKD patients with HMW isoforms had Lp(a) levels lower than 10 mg/dl. However, the reason for this discrepancy has not been elucidated. Therefore, the present study was aimed at determining the relationship of Lp(a) levels with HMW apo(a) isoforms in CKD patients with special reference to study; (a) the association with severity of CKD, (b) response to MHD, and (c) the basis for discrepancy between Lp(a) levels and HMW isoform pattern.

Materials and Methods {#sec1-2}
=====================

Study subjects {#sec2-1}
--------------

Initially, 40 patients with chronic kidney disease were recruited in the study. The renal diagnosis was: Chronic glomerulonephritis, chronic tubulointerstitial nephritis, hypertensive renal disease, and miscellaneous/unknown causes. The patients were grouped according to the stage of CKD, as per the National Kidney Foundation K-DOQI guidelines on the basis of GFR by the prediction equation of Levey *et al*.,\[[@ref17]\] into CKD stage 4 (15-29 ml/min/1.73 m^2^) and CKD stage 5 (\<15 ml/min/1.73 m^2^). Apo(a) isoforms were determined in all the subjects, there were only four patients with low molecular weight (LMW, ≤22 K-IV repeats) and 36 with high molecular weight (HMW, ≥23 K-IV repeats) apo(a) isoforms. Patients having HMW isoforms were divided into stage 4 CKD (*n* = 18) and stage 5 CKD (*n* = 18) and included in the study. Similarly, 18 healthy controls matched for isoform pattern (HMW) within ±1 K-IV repeat were also included. Patients with CKD stage 5 were subjected to MHD for 4 weeks following which, repeat blood samples were taken. Subjects with diabetes mellitus, familial lipid disorders, or having a recent history of infection during the preceding three weeks, and patients who had been on hemodialysis or peritoneal dialysis previously were also excluded. The study was approved by the Institutional Ethical Committee for Human Research, and all the subjects gave written informed consent.

Laboratory measurements {#sec2-2}
-----------------------

Blood samples from all the participants were taken in EDTA vials after a 12-h overnight fast at entry and following 4 weeks of MHD. After centrifugation at 4°C, EDTA plasma was separated and samples were kept at 80°C before analysis for Lp(a) and apo(a) isoforms. Fresh plasma samples were analyzed for routine parameters like urea, creatinine, albumin, and lipid profile using standard kits (Accurax, Mumbai, India) on Synchron Cx4 analyzer. LDL-cholesterol was calculated by the formula of Friedwald *et al*.\[[@ref18]\]

Determination of Lp(a) and apo(a) isoform size polymorphism {#sec2-3}
-----------------------------------------------------------

Plasma Lp(a) quantitation was performed with a double-antibody-linked immunoassay using ELISA kits (Elitest ELISA, Hyphen Biomed, France). Different apo(a) isoforms were separated according to size by Western blotting as described previously\[[@ref7]\] using high-resolution agarose gels (15 × 25 cm). Apo(a) isoform size was determined according to the number of K-IV repeats in their sequence as determined by co-migration with apo(a) standards. The apo(a) spots in an individual (single or double band) were further classified as low molecular weight (LMW; ≤22 K-IV repeats) and high molecular weight (HMW ≥ 23 K-IV repeats) apo(a) isoforms.\[[@ref19]\] In this study, all the subjects expressing only HMW apo(a) isoforms were included which were further categorized according to the classification system described by Kraft *et al*.,\[[@ref20]\] into isoform group S~2~, which will be referred to as intermediate molecular weight isoforms (IMW; 23-27 K-IV repeats) and S~3~ and S~4~ as high molecular weight isoforms (HMW; 28-31 K-IV repeats and \>31 K-IV repeats, respectively).

Statistical analysis {#sec2-4}
--------------------

Values are represented as mean ± SD. Student\'s '*t*' test was used for the comparison of normally distributed variables. Lp(a) values were compared using Mann-Whitney U-test because of their highly skewed distribution. Kruskal-Wallis analysis was used to compare Lp(a) values among the three groups. Pairwise comparison was done by Mann-Whitney U-test with Benferronic correction to compare Lp(a) levels before and 4 weeks after hemodialysis and two-tailed *P* \< 0.05 was considered significant (Wilcoxon Signed ranks test).

Results {#sec1-3}
=======

The subjects in all the study groups were age- and sex-matched \[[Table 1](#T1){ref-type="table"}\]. There was no significant difference in body mass index and waist-hip ratio among the study groups, as well as the duration of disease in CKD stage 4 and stage 5 patients.

###### 

Baseline characteristics of patients with chronic kidney disease

![](IJN-23-18-g001)

Lp(a) levels in chronic kidney disease patients and relation to Apo(a) isoform groups {#sec2-5}
-------------------------------------------------------------------------------------

Lp(a) levels (mean and median) were higher in patients with CKD; however, it attained statistical significance only in CKD stage 5 when compared to control group (*P* \< 0.009) \[[Table 2](#T2){ref-type="table"}\]. Lp(a) values more than 30 mg/dl were observed in 51 percent of the CKD patients whereas none of the healthy controls had Lp(a) levels more than 30 mg/dl. Furthermore, it was observed that despite higher mean and median Lp(a) levels, a considerable proportion (\>25%) of CKD patients had Lp(a) levels below the median of the control group, i.e., 13.4 mg/dl.

###### 

Univariate comparison of Lp(a) levels in chronic kidney disease patients with high molecular weight apo(a) isoforms stratified into S~2~ (K-IV repeats 23.27) and S~3~+S~4~ (K-IV repeats ≥28 onwards) isoform groups
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Therefore, in order to get an insight into the variable increase in Lp(a) levels in patients with CKD and its relationship with apo(a) isoform size, all the study groups were further sub-divided according to apo(a) isoform size into S~2~(IMW; 23-27 K-IV repeats) and S~3~ + S~4~ (HMW ≥ 28 K-IV repeats) subgroups. There was a significant increase in mean and median Lp(a) levels in patients with S~2~ isoform (IMW) with progression in severity of CKD. Accordingly, the highest levels were found in patients with stage 4 and 5 CKD as compared to controls (*P* \< 0.024 and *P* \< 0.001, respectively) \[[Table 2](#T2){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}\]. However in S~3~ + S~4~ (HMW) apo(a) isoform sub-group, there was a slight but insignificant increase in Lp(a) levels in patients as compared to controls. Moreover, all the patients having low Lp(a) levels, i.e., less than 13.4 mg/dl were present in S~3~ + S~4~ isoform sub-group. Intra-group comparison showed that Lp(a) levels were significantly higher in IMW group as compared to HMW group in both the sub-groups of patients with CKD stage 4 and 5 (*P* \< 0.01). However, in both the sub-groups of healthy controls having S~2~ (IMW) or S~3~ + S~4~ (HMW) isoforms, no significant difference in the mean and median Lp(a) levels was observed.

![Comparison of median Lp(a) levels in chronic kidney disease patients in (a) all; (b) S2, and (c) S3 + S4 isoform groups (adopted from median values shown in [Table 2](#T2){ref-type="table"})](IJN-23-18-g003){#F1}

Effect of maintenance hemodialysis on Lp(a) levels {#sec2-6}
--------------------------------------------------

In patients with CKD stage 5, mean and median Lp(a) levels showed a significant decrease after MHD (*P* \< 0.001, group III pre- vs. post-dialysis, Wilcoxon Signed Rank\'s test) which ranged from 2.5% to 61.2% with a mean decline of 23.2%. The absolute and percentage decline in Lp(a) levels following 4 weeks of MHD in the whole group, S~2~ (IMW) and S~3~ + S~4~ (HMW) sub-groups was found to be 10.9 mg/dl (25%, *P* \< 0.001), 16.4 mg/dl (26.7 %, *P* \< 0.005) and 3.9 mg/dl (17.4%, *P* value NS) respectively. Median Lp(a) values in all the groups are depicted in [Figure 1](#F1){ref-type="fig"}.

These results suggest that with increase in severity of kidney disease, there is a progressive increase in Lp(a) levels; however, it is largely determined by apo(a) isoforms belonging to S~2~ (IMW) sub-group, whereas apo(a) isoforms belonging to S~3~ + S~4~ (HMW) sub-group do not contribute significantly toward increased Lp(a) levels. The response to MHD also seems to be influenced by similar criteria. This may explain why no uniform increase in Lp(a) levels has been observed across the whole spectrum of HMW apo(a) isoforms in the present study and the studies reported earlier.

Lipid profile parameters in patients with chronic kidney disease and the effect of maintenance hemodialysis {#sec2-7}
-----------------------------------------------------------------------------------------------------------

Triglycerides and LDL-C were significantly higher in CKD stage 4 (*P* \< 0.05) and stage 5 (*P* \< 0.001) patients as compared to control group \[[Table 3](#T3){ref-type="table"}\]. Total cholesterol was significantly higher (*P* \< 0.05) in CKD stage 5. HDL-C was significantly lower (*P* \< 0.05) and LDL/HDL ratio significantly higher (*P* \< 0.05) in CKD stage 4 and stage 5 patients in comparison to controls. There was a significant decrease in TC, TG, and LDL-C (*P* \< 0.05 for all) in stage 5 CKD after 4 weeks of hemodialysis; however, there was no significant difference in HDL-C levels before and after 4 weeks of dialysis in the stage 5 group.

###### 

Lipid profile in patients with chronic kidney disease (mg/dl)
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Discussion {#sec1-4}
==========

Patients with CKD frequently have abnormalities of lipoprotein structure and metabolism, particularly hypertriglyceridemia and low HDL-cholesterol.\[[@ref2]\] Higher levels of Lp(a) having negative correlation with GFR have also been reported in these patients, which further increases the risk of cardiovascular disease (CVD).\[[@ref15]\] The present study has attempted to elucidate the basis of variable increase in plasma Lp(a) levels in patients with CKD. To the best of our knowledge, this is the first study in Indian ethnic group addressing the relationship of Lp(a) levels with reference to apo(a) isoform size in advanced stages of CKD and response to MHD. As ninety percent of CKD patients initially recruited for this study had HMW apo(a) isoforms (≥23 K-IV repeats), the study was confined to subjects having HMW isoforms. Patients with stage 5 CKD were taken up for MHD and they served as their own isoform-matched controls (pre- vs. post-dialysis samples).

The discovery of Apo(a) gene polymorphism was the landmark which provided major insights into the genetic control of plasma Lp(a) levels, and thus identified the former as the major factor determining Lp(a) levels.\[[@ref20][@ref21]\] LMW apo(a) isoforms are associated with higher Lp(a) levels and vice versa in general population.\[[@ref8]\] Furthermore, the Lp(a) levels are determined by the rate of synthesis in liver rather than their catabolism.\[[@ref22]\]

CKD is one important factor associated with higher Lp(a) levels,\[[@ref3]\] and restoring kidney function by transplantation leads to a decrease in Lp(a) levels.\[[@ref23]\] In the present study, a progressive but variable increase in plasma Lp(a) levels was observed. Further Lp(a) levels showed a variable decline (2.5-61.2%) in response to 4 weeks of MHD. Thus, to understand the basis of this variation, the relationship between Lp(a) levels and apo(a) isoforms was investigated in the study groups. On further stratifying the patients according to the isoform groups into S~2~ (23-27 K-IV), S~3~ (28-31 K-IV) + S~4~ (\>31 K-IV), we observed the highest level of Lp(a) in S~2~ isoform group which also showed a higher percentage decline after MHD. Thus, we report for the first time, that even among the HMW apo(a) isoforms the S~2~ group having 23-27 K-IV repeats shows the highest increase in Lp(a) levels, these can also be referred to as intermediate molecular weight (IMW) apo(a) isoforms, a term which has been identified as a distinct entity.\[[@ref20][@ref24]\] However, the isoform groups S~3~ + S~4~ (≥28 K-IV repeats) appeared to behave differently and did not show significant increase of Lp(a) as compared to isoform-matched controls. Gaw *et al*.\[[@ref25]\] have also shown that large-sized apo(a) isoforms (≥28 K-IV) are associated with lower Lp(a) levels, which is consistent with the observation that large size apo(a) isoforms are secreted at lower rates by the liver,\[[@ref22]\] and therefore, are associated with low serum Lp(a) levels.

Kidney seems to play a role in the catabolism and excretion of apo(a),\[[@ref26]\] which is supported by the excretion of apo(a) fragments in urine.\[[@ref27][@ref28]\] Furthermore, circulating levels of HMW apo(a) isoforms may also be modulated by kidney function, as kidney seems to be involved in the clearing of a specific type of HMW apo(a) isoforms.\[[@ref23][@ref29][@ref30]\] Therefore, the decrease in Lp(a) levels following MHD for 4 weeks seen in stage 5 CKD patients belonging to S~2~ isoform in the present study may be related to the removal of apo(a) fragments.

Dieplinger *et al*.\[[@ref14]\] and Kronenberg *et al*.,\[[@ref15]\] have shown a relative increase in Lp(a) levels in patients with HMW apo(a) phenotypes as compared to matched controls but not in LMW apo(a) phenotypes. Furthermore, in a prospective study involving 154 patients, the average plasma Lp(a) concentration decreased during the first 3 weeks following kidney transplantation only in the group having HMW apo(a) phenotypes.\[[@ref23]\] In contrast, two smaller case-control studies have observed an elevation of plasma Lp(a) levels across all the phenotype groups.\[[@ref30][@ref31]\] The inclusion of apo(a) isoforms with 23-25 K-IV repeats (\~S~2~) in the LMW subgroup\[[@ref31]\] might have influenced the outcome of these studies.

Conclusions {#sec1-5}
===========

We have compared the Lp(a) levels in isoform-matched groups (S~2~, S~3~ + S~4~) among HMW apo(a) isoforms in stage 4 and 5. The results suggest that even among HMW apo(a) isoforms, there is a significant increase in Lp(a) levels in S~2~ (23-27 K-IV repeats) isoform group only as compared to isoform-matched controls, whereas the Lp(a) levels did not increase significantly in S~3~ + S~4~ group. These findings may explain the reason for conflicting results reported by other workers where all HMW isoforms have been considered as one group. Thus, apo(a) isoforms with 23-27 K-IV repeats (S~2~) behave as a distinct entity in CKD and in response to MHD, therefore, these should not be clubbed with other HMW apo(a) isoforms. Increase in Lp(a) levels along with other lipid abnormalities may predispose these patients to CAD; however, MHD is able to effectively decrease Lp(a) levels.
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